The whiteweed fishery in the German Wadden Sea did not close as a consequence of the loss of whiteweed beds, but rather because of declining markets. To this day, neither the assumed disappearance of whiteweed beds nor the assumed decrease in whiteweed abundance has been substantiated. Even if such a decrease were to be demonstrated, the causes for the decline would more likely have been eutrophication and anthropogenic changes in the hydrodynamics of the Wadden Sea than the activities of the shrimp and mussel fisheries or the former whiteweed fishery.
Sertularia cupressina is a colony-forming hydroid polyp commonly known as whiteweed or seamoss owing to its plant-like bushy appearance. According to Möbius (1877) , S. cupressina belongs to the oyster-bed community. Today, it is found regularly in the Wadden Sea (an extended tidal flat area of the eastern North Sea), with hard substratum for settlement on the seafloor being a necessary precondition (Buschbaum, 2002 , for the Königshafen near List on Sylt island). Each part of S. cupressina can regenerate itself (Berghahn and Offermann, 1999) . At least up to the end of the 1960s, there were distinct and fairly well delimited areas of abundance in the German Wadden Sea, referred to as whiteweed beds.
Although there is still some uncertainty over the taxonomy of the species (Cornelius, 1995; Berghahn and Offermann, 1999) , stocks of what are likely to have been S. cupressina were harvested annually in a whiteweed fishery, a source of secondary income for shrimp fishers. The history of the whiteweed fishery is part of the cultural heritage of the North Sea coast. The assumed decline in whiteweed beds (Reise et al., 1989; Wagler and Berghahn, 1992) and the suspicion that the former whiteweed fisheries and the present shrimping activities were responsible for the decline in the formerly extensive beds in the Wadden Sea (Winter, 1983; Michaelis and Reise, 1994) provided the impetus for this manuscript, which presents a short history of the fishery and documents the pattern of harvest until the closure of the fishery in the early 1970s.
Many plants and animals have been referred to in the literature as "whiteweed" (Pax, 1928; Thiel, 1938) . The term whiteweed is used herein to mean all technically usable hydroid colonies, and a distinction is made between the sea cypress S. cupressina and the sickle coralline Hydrallmania falcata. Although Abietinaria abietina and Thuiaria thuja have been classified as technically usable hydroids, they are only used occasionally, when found among the whiteweed harvested (Thiel, 1938) , so are not considered here.
In the early 1900s, whiteweed was chiefly used for decoration in flower shops and associated businesses as a substitute for artificial flowers and for making wreaths and garlands (Pax, 1928) and other decorative applications (Heidrich, 1927) . When whiteweed became fashionable as artificial decoration towards the end of the 19th century, the companies involved used to import the undyed weed primarily from England and France (Heidrich, 1927) . After the Berlin flower wholesaler J. Seibt asked the Biological Institute on Helgoland for addresses of fishers with a view to encouraging them to procure whiteweed (Ehrenbaum, 1898) , the German coastal population started to participate in whiteweed collection as an important source of income. Colonies of S. cupressina naturally senesce and detach from the substrata every autumn (Schmidt and Warner, 1991) . In 1896, people started to collect whiteweed along the driftline. Whiteweed of a total commercial value of 10 000 marks (E5113) was supplied by the German North Sea coast in 1897 # 2009 International Council for the Exploration of the Sea. Published by Oxford Journals. All rights reserved. For Permissions, please email: journals.permissions@oxfordjournals.org (Ehrenbaum, 1898) , corresponding, at an average price of 3 marks kg
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, to a quantity of some 3400 kg. According to Decker (1898) , 100 people were involved at that time in gathering whiteweed as a source of additional income.
Many techniques were developed to increase the harvest of whiteweed, such as the erection of poles joined by strings with the aim of trapping the weed drifting in the receding water on the tidal flats (Decker, 1898) . Shrimp fishers started trawling to remove the whiteweed stems directly off the seabed. To this end, 20 small four-fluke anchors, known as grapnels, were attached to a chain between beam-trawl shoes, tearing off whiteweed stems in passing, such that they became caught in the net behind (Heidrich, 1927; Winter, 1983) . The condition of the whiteweed obtained using this method was better than that of the washed-up weed, which was damaged by the action of the surf and by being abraded on the seabed (Decker, 1898) . The whiteweed fishery began to boom in 1897, when Wilhelm Külper, a Büsum fisher, developed the so-called whiteweed trawl (Seidel, 1999) . The main fishing grounds were between the island of Sylt and the mainland, south of the line which became the Hindenburg dam in 1927 ( Figure 1 ). The beds were harvested annually, because fragmentation of the remaining hydrorhizae and subsequent colony regrowth after natural detachment (or harvesting) are normal (Hancock et al., 1956; Schmidt and Warner, 1991) . Fishers operating out of the port of Neuharlingen joined the whiteweed fishery in 1903 because they found that they could earn up to four times as much in the same time as shrimping (Sarrazin, 1987) . The beds were harvested all over the East Frisian Wadden Sea (Figure 2 ; Schulz, 1928) , and by 1908, 30 sailing vessels and a steamer participated in the whiteweed fishery. By 1911, one steamer, four motor vessels, and 35 sailing vessels were involved. Activities then temporarily declined owing to the low demand during and after World War I.
The earliest description of a whiteweed trawl was given by Decker (1900) in official records of the Board of Fisheries in Altona (see also Eichelbaum, 1913; von Reitzenstein, 1913; Pax, 1928; Schnakenbeck, 1928; Thiel, 1938) . According to Heidrich (1927) , the whiteweed trawl was based on a shrimp trawl and consisted of two triangular iron gliders similar to sled runners (height 40 -50 cm, base length 65 cm) attached to the ends of a 7 -8-m gas pipe. The base of each glider was fitted with eyes at both ends to secure the bridle, to which the trawl warp was attached, and the gear, which consisted of an iron chain tightly wrapped with steel barbed wire (see the figure in Heidrich, 1927) . During fishing, Figure 1 . Whiteweed beds in the North Frisian Wadden Sea between 1913 (Eichelbaum, 1913 (Eichelbaum, ) and 1952 (Eichelbaum, -1965 (official records of the Board of Fisheries in Kiel and pers. comm. by fisher R. Herpel, Husum). Dotted areas, mainland and islands; grey areas, subtidal; white areas, intertidal.
Fishery for whiteweed in the Wadden Sea, Germany the gear was pulled over the seabed against the current so that the stems bending with the current were brushed the "wrong way". This detached the whiteweed from its substratum and left it entangled in the barbed-wire chain.
With the invention of the whiteweed trawl, the fishery rapidly extended to the entire German Wadden Sea area, but problems began to emerge with the increased motorization of vessels. Fishers became worried that an uncontrolled fishery would ruin the beds, particularly if the whiteweed were to be fished while "seeding" (forming its reproductive organs), and demanded a closed season similar to that imposed for oysters during the period 1882-1891 (Schnakenbeck, 1928) .
Investigations into the biology of the whiteweed were conducted from 1907 to 1911 by Eichelbaum (1913) and von Reitzenstein (1913) on behalf of the German Sea Fishery Association. Based on their reports, a closed season from 1 April to 15 July was established for the first time in 1910 and was extended by the authorities in Schleswig who prohibited the fishing of whiteweed between 1 April and 31 August (Winter, 1983) . In 1913, the seasonal closure was extended to the coastal waters of the provinces of Schleswig -Holstein, Hannover, and Oldenburg, so creating a uniform ban for the entire coastal area. Whiteweed fishing was totally prohibited in 1924 in the Jade (Oldenburg sovereign territory) as the Oldenburg Fishery Association, the lease holder for that stretch of water, considered it appropriate to protect the whiteweed as a spawning and feeding ground for juvenile fish (Heidrich, 1927) . Local authorities could grant special permits, however, and these were regularly applied for by fishers and purchasing companies.
The detailed information provided by Eichelbaum (1913) on the location of large whiteweed stocks, so-called whiteweed beds, was added to and brought up to date by Heidrich (1927) . At that time, there were 63 known whiteweed beds suitable for the fishery, of which 13 were in southern Holstein, 20 in northern Holstein, 4 on the Mellum sandbar, and 26 in East Frisia. Compared with the results obtained by Eichelbaum (1913) , who quotes only 50 beds, Heidrich (1927) draws the conclusion that the potential for "the continued existence of whiteweed fishery is not unfavourable". Contrary to that forecast, Thiel (1938) indicated a negative trend in his list of overall whiteweed landings for the period 1927-1936, a trend confirmed at least for Schleswig-Holstein in the years 1937-1939 (Table 1 ). The whiteweed fishery came to a complete halt during World War II, between 1939 and 1945, and only resumed in 1948 when Emde and Co. in Wyk/Föhr succeeded in establishing export links with New York. In the early 1950s, it was mainly fishers from Husum and Büsum who resumed whiteweed fishing activities and who were also responsible for fishing in East Frisia, primarily in Jade Bay. Harvests were poor there, but the reduction in stocks could not be attributed to exploitation because there was hardly any during the war.
Forming an adjunct to the autumn shrimping season, the whiteweed fishery again proved to be an attractive sideline, so came to flourish again after the war, before finally being discontinued in the early 1970s as the market for whiteweed declined. The last landing figures are for 1971 (Table 1) , after which no further yield was recorded. The whiteweed fishery was given up in the early 1970s for reasons other than overfishing (see also Lotze, 2007) , but rather because of the collapse of the market (decrease in demand, plastic substitutes, poor quality). The closed season order was eventually deleted from the protection of species measures.
Fishing activities in the German part of the Wadden Sea have been blamed for their negative impact on whiteweed beds (Reise and Schubert, 1987; Wagler and Berghahn, 1992; Buhs and Reise, 1997) , although there is no scientific evidence to document declines in S. cupressina populations (Berghahn and Offermann, 1999) . Unlike the European flat oyster (Ostrea edulis), S. cupressina and H. falcata are still present in the Wadden Sea (Wagler and Berghahn, 1992; Buhs and Reise, 1997; Berghahn and Ruth, 2005) . Sertularia cupressina is frequently found along the driftline of the North Frisian coast in autumn (see also Berghahn and Offermann, 1999) . A preliminary evaluation of recent underwater video surveys carried out in the Hörnum Deep between Sylt and Amrum (Figure 1 ) supports the assumption that large S. cupressina are still frequent in relatively dense aggregations Figure 2 . Whiteweed beds in the East Frisian Wadden Sea (after Schulz, 1928) . Dotted areas, mainland and islands; grey areas, subtidal; white areas, intertidal. Any decline in the extent of whiteweed beds may have been caused by other anthropogenic activities. Hydroids are sensitive to silting (Boero, 1983; Gili and Hughes, 1995) , and the largest and most famous whiteweed beds were located between the island of Sylt and the mainland (Figure 1) . The huge tidal water flow through this strait was stopped in 1927 by the Hindenburg dam, which altered the hydrodynamic conditions (Figure 1 ). Between 1900 and 1973, the area lost through embanking in the North Frisian Wadden Sea was 10.7% of the total intertidal (Table 2 ). In contrast to North Frisia, there was no dam building in the East Frisian Wadden Sea. However, the increased dredging activity there during the past century for shipping traffic in the Rivers Ems, Jade, and Weser is likely to have increased the water turbidity, as was the case with dam constructions and embankments in North Frisia. The rise in water turbidity in the Wadden Sea (De Jonge and De Jong, 1992) can in part also be explained by eutrophication of the coastal areas.
The modern shrimp fishery is unlikely to impact whiteweed beds. Shrimp trawls cause minimal damage to the seabed (Vorberg, 1997) , and shrimping effort in the area of the former whiteweed fishery in the Wadden Sea proper has decreased by a factor of three during the past few decades (Buhs and Reise, 1997) . The fishery for blue mussels operates in this area and uses dredges to pick up seed mussels to be spread onto subtidal culture plots (Seaman and Ruth, 1997) . This fishery for attached seed mussels is not carried out area-wide, but rather in small selected areas of 1% of the subtidal.
The fishery for the highly mobile scallops has been blamed for endangering S. cupressina on commercial scallop grounds in Atlantic Canada by increasing clonality from injury-induced fragmentation (Henry and Kenchington, 2004) . In contrast, an increase in clonality by the fisheries of the Wadden Sea is unlikely because, in Table 2 . Construction of connecting dams and embankments in the German Wadden Sea in the course of the 20th century according to the Landesamt für den Nationalpark SchleswigHolsteinisches Wattenmeer (1998) and Kunz and Panten (1997 Table 1 . Annual whiteweed fishery landings for the period 1907 -1971 , after Heidrich (1927 , Thiel (1938) , official records of the Board of Fisheries in Altona, and the records of the Boards of Fisheries in Kiel and Bremerhaven (1903-1978 Fishery for whiteweed in the Wadden Sea, Germany the whiteweed fishery, clonality was prevented by the closed season, and the mechanical disturbance of the actual shrimp and mussel fisheries has to be considered to have decreased and to be negligible. Sertularia cupressina is quite different from other benthic species of the Wadden Sea, because the planulae are demersal and do not travel great distances on their own (Berghahn and Offermann, 1999) . However, they can become pelagic in strong tidal currents of coastal areas and may drift, although they are not especially adapted to do so. Schmidt and Warner (1991) found settlement on panels exposed 5 m from the seabed at low tide. The S. cupressina and the H. falcata populations in the Wadden Sea could be recruited from their own larvae (autochthony), even with the hydrographic changes of the past century. However, because of the extremely high water exchange of the open-system Wadden Sea with the North Sea, these beds cannot be considered endemic, and the population dynamics of Sertularia and Hydrallmania in the German Wadden Sea are most probably influenced by hydrodynamic changes, eutrophication, and the resulting increase in water turbidity, rather than by coastal fisheries.
